Background It is not known whether morphological abnormalities of the hip are compatible with lifelong hip function and avoidance of osteoarthritis (OA). Our purpose was to investigate the prevalence of radiographic findings consistent with femoroacetabular impingement (FAI) and dysplasia (DDH) in senior athletes with well-functioning hips. Questions/purposes (1) What is the prevalence of FAI and DDH in senior athletes with well-functioning hips? (2) Are radiographic findings of FAI and DDH associated with OA? (3) Is a history of longer duration or more intense activity associated with hip pathomorphology? (4) Were the modified Harris hip scores and the Hip Outcome Scores lower (legacy scales) in patients with evidence of hip pathomorphology than those without? Methods Five hundred forty-seven individuals (55% men, 45% women; 1081 hips, 534 bilateral and 13 unilateral), mean age 67 years (SD 8 years), gave consent and qualified for this institutional review board-approved crosssectional study of senior athletes. Hips were independently evaluated for radiographic signs of FAI, DDH, and OA. Additionally, a lifetime activities questionnaire and outcome instruments were used to assess pain and function. Hips that had previously undergone arthroplasty or fracture surgery were excluded. Results Eighty-three percent (898 of 1081) of hips had radiographic abnormalities consistent with FAI, of which 67% (599 of 898) were cam-type FAI. Ten percent (103 of 1081) of hips had radiographic evidence for dysplasia. Radiographic findings of FAI were not predictive of OA after controlling for age and sex (odds ratio [OR], 1.79; 95% confidence interval [CI], 0.48-6.62; p = 0.390). Similarly, radiographic findings of DDH were not predictive of OA (OR, 1.48; 95% CI, 0.31-7.21; p = 0.62). Our data suggest an increased risk of FAItype morphologies in athletes who participated in competitive sporting events during early adult years (OR, 1.49; 95% CI, 1.04-2.11; p = 0.020). Additionally, participants who reported lifetime participation in competitive sports were at an increased risk of OA compared with those who did not (OR, 1.75; 95% CI, 1.14-2.69; p = 0.007). There were no differences in outcome scores between athletes with and without morphologic abnormalities. Conclusions Radiographic findings consistent with FAI in these senior athletes were common and were not associated with the presence of OA. These data suggest that the need to screen for asymptomatic young athletes for radiographic evidence of FAI and DDH may not be necessary. Level of Evidence Level III, prognostic study.
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Introduction
Abnormal bony morphology of the femur and/or acetabulum is believed to initiate damage to the articular cartilage and acetabular labrum and may predispose the hip to early osteoarthritis (OA) [3, 14, 26, 31] . Radiographic findings consistent with hip pathomorphology, including femoroacetabular impingement (FAI) and developmental dysplasia of the hip (DDH), are present not only in symptomatic patients, but also in asymptomatic individuals. In the general population, previous estimates of radiographic prevalence are 15% to 30% for FAI and 6% to 7% for DDH [12, 17, 18, 24] with ages ranging from 23 to 93 years [12] , 20 to 79 years [17] , 22 to 93 years [18] , and 17 to 20 years [24] . A recent study assessing a population of ''community-dwelling'' men C 65 years old, using a single AP view, reported the prevalence of FAI at 38% [32] . Regardless of the prevalence reported in the literature, the degree to which these radiographic findings predict the development of OA is controversial [4, 11, 32, 37, 39, 40] .
The prevalence of radiographic findings of morphologic abnormalities consistent with FAI, DDH, and OA in older athletes who have been active throughout life is unknown. Additionally, it is unclear what morphologic abnormalities can be present in lifelong athletes without progression to symptomatic hip arthritis. Therefore, quantifying the radiographic prevalence of these abnormalities in senior athletes has direct relevance to the study of hip pathomorphology as a whole. Data collected in this study may demonstrate correlations between specific activities (sports and/or labor) and an increased risk for underlying abnormalities. It may confirm or refute the need to screen younger athletes for FAI and DDH.
To further our understanding of hip pathomorphology, we sought to determine the following: (1) What is the prevalence of radiographic findings consistent with FAI and DDH in senior athletes with well-functioning hips? (2) Are these radiographic abnormalities associated with OA? (3) Is a history of longer duration or more intense activity associated with morphologic abnormalities? (4) Were patient-reported outcomes (modified Harris hip score and the Hip Outcome Score) lower in patients with these abnormalities than those without?
Patients and Methods
Approximately 10,000 senior athletes competing in the 2012 Huntsman World Senior Games in St George, UT, USA, were given the opportunity to participate in this cross-sectional study approved by our institutional review board. Recruitment occurred at the senior games health screenings hall, where a booth for the study was present for 10 days during the games. Like with other health screenings on offer at this event, the study procedures were provided at no cost. Senior athletes who were participating in the games and who presented to the booth were consented to participate on a voluntary basis. Athletes were unable to participate if they reported prior bilateral THA. Furthermore, individual hips were excluded if they had been replaced or had a history of trauma.
A total of 560 athletes from various sporting events provided informed consent. The athletes underwent radiographic evaluation of both hips and completed a questionnaire regarding their current hip function and their lifetime participation in athletics. Thirteen athletes had radiographs that were too difficult to read as a result of artifact and were withdrawn from the study. Thirteen athletes had prior THA (n = 12) or fracture (n = 1) to one hip and that hip was excluded. This resulted in 1081 hips (534 bilateral and 13 unilateral) available for review from 547 senior athletes. Forty-five percent of the athletes were women and 55% were men. The mean age was 67 years (SD 8). In regard to race, 91% were white (498 of 547), 1.6% black (nine of 547), 1.5% Asian (eight of 547), 2.7% other (15 of 547), and 2.9% (16 of 547) did not respond to this question.
For the radiographic evaluation, two orthopaedic surgeons (LAA, JC) assessed both hips independently for radiographic signs of FAI, DDH, and OA using a mobile digital radiograph system (Viztek, Garner, NC, USA, and Source-Ray, Inc, Ronkonkoma, NY, USA). For the ease of the interpretation of this study by the reader, throughout this article we refer to radiographic findings consistent with FAI morphology as FAI and similarly radiographic findings of DDH as DDH. We do not intend this to be confused with a clinical diagnosis but rather representing the radiographic morphologies commonly associated with those diagnoses. Pelvic AP and frog-leg lateral radiographs were obtained in the supine position. Femoral sphericity was assessed with the alpha angle [9] . The alpha angle, assessed on the frog-leg lateral view, is between the longitudinal axis of the femoral neck and a line connecting the femoral head center and the point where the head exceeds the radius of the best-fit sphere. Similarly, the gamma angle was measured on the AP view. Acetabular coverage was evaluated on the AP films; lateral center-edge angle (LCEA) was measured by a vertical line referenced off the horizontal pelvis (teardrops or obturator foramenae) and a line from the center of the femoral head to the lateral edge of the sourcil (sclerotic weightbearing aspect of the acetabulum) for hips on the dysplastic end of the spectrum and lateral-most rim for hips displaying an angle greater than 35°on the overcovered end of the spectrum, because these would reflect the pathology at risk [43] . The acetabular index (AI) was the angle measured by a horizontal line referenced from the pelvis and a line connecting the medial and lateral edges of the sourcil on undercovered and normal covered hips and the lateral edge of the acetabulum on overcovered hips [43] . Acetabular orientation was also evaluated on the AP films. The crossover sign was considered positive when the posterior wall of the acetabulum crosses the anterior wall (ie, acetabular retroversion) below the level of the superior femoral head. We divided the distance from the lateral acetabular rim to the center of the femoral head into thirds and graded crossover as Grades I through IV with I being a crossover near the rim in the top one-third, II being the middle third, and III being the bottom third of this distance; Grade IV was reserved for a crossover below the center of the femoral head. Crossover is sensitive to pelvic tilt and cranial crossover is likely a normal variant. We agree with Zaltz et al. [45] as well as Larson et al. [25] and so graded crossover critically and only considered the caudal Grades II to IV as diagnostic for radiographic pincer FAI while excluding cranial crossover.
To determine the radiographic prevalence of FAI and DDH, data (eg, alpha angle) were averaged between the first reads of both observers (LAA, JC). The crossover sign was considered present only if both observers detected it. We used the grading system, described by Tönnis and Heinecke [44] , to assess the osteoarthritic condition of each hip. For the Tönnis grade, the highest score reported by either observer was used, representing the worst-case evaluation.
The concordance correlation coefficient (r c ) and a Bland-Altman Analysis were used to assess interrater reliability and interrater agreement between the two readers for continuous data [5, 27] . The amount of agreement between readers for the r c was classified as minimal, \ 0.2; poor, 0.2 to \ 0.4; moderate 0.4 to \ 0.6, strong; 0.6 to B 0.8; and almost perfect [ 0.8 [38] . Binary data were assessed using Cohen's kappa (weighted). The two orthopaedic surgeons assessing the radiographs demonstrated strong and almost perfect agreement in the radiographic measures (Table 1) 
Activity Questionnaires
Each participant was asked to complete a questionnaire on a computer tablet through the assessment center website (www.assessmentcenter.net). The questionnaire consisted of an extensive history of physical activity throughout the lifetime. The questionnaire asked which sports were the primary and secondary sports of the athlete, how many days per month they participated in each sport, and if they played competitively or recreationally. Life periods were divided as follows: (1) Characterization and time periods of sports participation were analyzed to determine associations with prevalence of hip pathomorphology and OA. Sports that were considered to have a high hip-impact included basketball, football, gymnastics, ice hockey, lacrosse, track and field, cross country running, soccer, racquet sports, and volleyball. Participation in competitive sports was defined as playing in organized sports in the athlete's primary sport.
Outcome Questionnaires
We collected the modified Harris hip score (mHHS) which was modified by Byrd and Jones [6] in 2010 and subsequently used by them to assess outcomes in athletes undergoing hip arthroscopy [7] . Additionally, we collected the Hip Outcomes Score (HOS) [28] [29] [30] . The HOS was originally developed to assess self-reported functional status of patients with musculoskeletal hip disorders [28] . With the HOS, individuals are queried on 19 separate activities of daily living (ADL) and nine sports-related items. A score is generated separately for the ADL and sports subscales. The response to 17 items on the ADL subscale is scored from 4 to 0 with 4 being ''no difficulty'' and 0 being ''unable to do.'' A higher score represents a higher level of physical function for both the ADL and sports subscales. Both the mHHS and the HOS have been used in several studies to document the outcomes of surgical interventions for the treatment of symptomatic FAI [2, 8, 15, 19, 33, 34] . These instruments were used to assess the current self-reported function of the athletes and no exclusions were made regarding the results, because all athletes were able to participate in the games regardless of the function they reported.
Statistical Analysis
We used a mixed-effects multiple logistic regression analysis to assess for associations between radiographic 
Results
There was radiographic evidence of FAI in 83% of hips (898 of 1081); 66.7% (599 of 898) had isolated cam and 8.5% (76 of 898) isolated pincer impingement; 24.8% had mixed (Fig. 5) . Histograms demonstrate the distribution of LCEA (Fig. 6 ) and alpha angles (Fig. 7) . Ten percent of hips (103 of 1081) had radiographic evidence of dysplasia; 3% (30 of 1081) had a LCEA that was \ 20°and 9% (93 of 1081) had an acetabular index that was [ 10°. FAI was more prevalent in men than women (odds ratio [OR], 4.28; 95% CI, 2.13-8.59; p \ 0.001) and was not associated with age (OR, 0.99; 95% CI, 0.95-1.03; p = 0.69). Subcategorizing FAI into cam, pincer, and mixed revealed that men were more likely to have cam (OR, 1.97; 95% CI, 1.13-3.4; p = 0.02) and mixed-type FAI (OR, 2.03; 95% CI, 1.13-3.64; p = 0.02), whereas women were more likely to have findings of pincer (OR, 2.00; 95% CI, 1.11-3.60; p = 0.02) on radiographs. Our data show no difference between ages grouped by decade (Fig. 8 ) and the proportion of FAI prevalent in those groups (OR, 0.96; 95% CI 0.95 -1.03, p = 0.491). Of the hips with DDH, 78% (n = 80) also had radiographic abnormalities consistent with cam FAI. There was no association between age (OR, 1.00; 95% CI, 0.96-1.05; p = 0.83) or sex (OR, 0.50; 95% CI, 0.25-1.00; p = 0.05) and DDH.
Radiographic findings of FAI were not predictive of OA after controlling for age and sex (OR, 1.79; 95% CI, 0.48-6.62; p = 0.390). Similarly, radiographic findings of DDH were not predictive of OA (OR, 1.48; 95% CI, 0.31-7.21; p = 0.62). Furthermore, OA (Tönnis Grade 2-3) was present in 17% of hips (186 of 1081); 93% (173 of 186) of hips with OA had radiographic evidence of FAI and 10% (18 of 186) had evidence of DDH. Patients with OA were more likely to have radiographic signs of FAI (OR, 3.84; 95% CI, 1.50-9.81; p = 0.005); however, 81% of the hips with findings of FAI (725 of 898) showed little to no evidence of OA (Tönnis Grade 0-1) despite the athletes' age and lifelong activity levels (Fig. 9) .
Twenty-four athletes did not complete the questionnaire and were dropped from the activity history analysis resulting in 1033 hips in 523 athletes. There was no difference in the amount of days in which the athletes participated in physical activity between those with radiographic evidence of FAI or DDH and those without ( Table 2) . Participation in competitive sports as a young adult was associated with an increased prevalence of radiographic FAI (OR, 1.49; 95% CI, 1.04 -2.11; p = 0.02), and lifelong participation in competitive sports was associated with an increased prevalence of OA (OR, 1.75; 95% CI, 1.14-2.69; p = 0.007). Otherwise, we found no association between participation in competitive sport and radiographic findings (Table 3) . Persons who participated in high-level activity when younger than 18 years were less likely to have radiographic findings of OA (OR, 0.70; 95% CI, 0.50-0.99; p = 0.04). DDH was more prevalent in athletes who participated in a high-level activity in early adult (19-35 years old; OR,1.64; 95% CI, 1.04-2.59; p = 0.02) or adult (36-65 years old; OR, 1.86; 95% CI, 1.17-2.95; p = 0.005) years. Seniors participating in high-level activity were less like to have OA (OR, 0.67; 95% CI, 0.48-0.94; p = 0.02). We found no association between high-level activity at any age and FAI (Table 4) .
Both the mHHS and HOS were analyzed to compare those with evidence of hip pathology and those without. Neither the mHHS nor the HOS (Table 5) exhibited any difference between the athletes for those with or without radiographic evidence of hip pathomorphology.
Discussion
The natural history of FAI and dysplasia in the asymptomatic population is not well understood. If hips with radiographic pathology are at high risk to develop early OA, prophylactic intervention of prominent abnormalities may be warranted even in asymptomatic patients. On the contrary, if a significant number of hips with radiographic FAI and dysplasia were found to survive into the senior years without symptoms or evidence of OA, there would be a strong argument against the concept of prophylactic surgical intervention as well as screening of asymptomatic hips. We therefore assessed a large group of elite senior pathomorphology and activity history (type and intensity of activity from teens to the present)? (4) Were patient-reported outcomes, mHHS and the HOS, different in patients with evidence of hip pathomorphology and those without? There were several limitations in this study that warrant discussion. First, although three-dimensional abnormities of FAI are best characterized on CT and MRI, we performed the measurements using plain film radiographs [10, 23, 35] . However, we used both AP and frog-leg lateral radiographs, visualizing two different regions of the headneck junction [9] . This allowed for the visualization of cam deformities on both of films, and cam deformity was established by surpassing the cutoff levels for either the alpha or gamma angle. Additionally, MRI would be a better modality to evaluate chondrolabral injuries as well as joint degeneration associated with DDH and FAI but was not used as a result of financial and time constraints. A second limitation is that the normal range of radiographic parameters has yet to be established, and the prevalence of hip pathomorphology is a function of the radiographic cutoff values. For example, radiographic interpretation of FAI has varied between studies from 20% to 80% [12, 32] including the results from this study. This is likely related to limitations in reader reliability, cutoff values, and variations intrinsic to the populations examined. Thus, histograms of LCEA (Fig. 6 ) and alpha angle (Fig. 7) are provided so readers can interpret the results using their preferred cutoff. Although a control population was not used in this study, we compared our findings with previously reported values from the general population, leading to the conclusion that these senior athletes have a much higher occurrence of pathomorphology consistent with FAI than the general population. This was a narrow population of senior athletes; it is unknown what percentage of athletes were excluded as a result of bilateral THAs had DDH, FAI, or otherwise, nor do we have a perspective on the percentage of senior athletes who develop symptomatic hip pathology that excludes them from participating in these types of senior athlete events. Furthermore, we were unable to obtain the demographics of the entire Senior Games population and thus are not able to rule out a potential selfselection bias or demonstrate that our group of athletes resembles the entire population. Furthermore, these athletes may have had questions regarding complications with their hips and therefore were seeking out medical advice. However, the athletes were informed that the study would not be providing any medical advice and their legacy functional scores suggest a rather high-functioning population. Regardless, as a result of the possibility of selfselection bias, it is possible that our results represent the high end of prevalence for FAI, DDH, and OA in an active senior population. We understand that this study population, by definition and design, was a narrow selection of well-functioning or coping athletes, which is both a limitation and strength of this study. Finally, the use of the HHS and HOS to evaluate participant function in this study is subject to the natural limitations of these legacy scores including ceiling effects and the inability to distinguish impact of knee, ankle, contralateral limb, etc, on functional scores [16] . The radiographic prevalence of morphologies consistent with FAI and DDH in asymptomatic members of the general population ranges from 15% to 30% for FAI and 6% to 7% for dysplasia [12, 13, 17, 18, 24, 36] . In one study of 200 asymptomatic volunteers, 25% of male and 5% of female subjects had at least one hip with cam deformity ([ 51°) [13] . In the Copenhagen Osteoarthritis Study, 1332 male and female participants demonstrated a prevalence of pincer deformities in 15% and 19%, respectively (LCEA [ 45°), and 20% and 5% had a pistol grip deformity consistent with cam FAI, whereas 4% of males and females had evidence of DDH [12] . In traumarelated abdominal CT scans on 100 presumably asymptomatic patients, 31% of female and 48% of male participants had at least one pincer or cam abnormality [21] . Consistent with the Copenhagen Osteoarthritis Study [12] , we found cam deformity to be associated with the male sex with almost a two to one male-to-female ratio. We also had a similar distribution of DDH between males and females (ratio = 1.1:1).
Although the vast majority of athletes with OA had radiographic findings of FAI, our data did not demonstrate this to be a predictive of OA (OR, 1.79; p = 0.39). Consistent with the Copenhagen study, we also found that DDH was not associated with OA [18] .
We found no associations between activity levels including high hip impact activities and intense versus recreational sports participation during youth and FAI, DDH, or OA. We did note an association between competitive sports participation during young adult years and FAI, but not between high hip impact activities and FAI. We are not sure what to make of the association noted (Table 4 ) between participation in high hip impact activities and radiographic evidence of DDH in the adult years.
In our study, the senior athletes with radiographic evidence of FAI morphology demonstrated excellent outcome scores with a mean mHHS of 98 and a mean HOS of 97 for FAI. Patients with DDH and OA had similar scores and there was no difference in scores between those with or without morphological or osteoarthritic findings. We are not aware of any other prevalence study that assessed current hip function with the use of outcome scores. However, when studying the prevalence of FAI in asymptomatic older males, Nardo et al. [32] report that patients with a cam FAI morphology were less likely to have hip pain. Similarly, Allen et al. [1] found that only 26% of patients with bilateral cam FAI morphology had bilateral hip pain. Regarding DDH, Kapron et al. [22] reported the prevalence of DDH in female collegiate athletes to be 21%. They found no difference in radiographic measurements between hips that were painful during impingement examination and those that were not. Our data, along with the previous literature, suggest that other factors aside from morphology may play a role in the symptomology of structural hip deformities.
The prevalence of morphologic deformities found in our study was substantially higher than previous reports on athletes and the general public. Some studies have postulated that the increased prevalence in athletes is the result of vigorous sports activity in adolescence, predisposing the growing hip to the development of altered morphology [41, 42] . Another possibility is that remodeling of the mature hip as a result of activity-related stresses is neither pathological nor unexpected [20] . We do not have additional insight into the etiology of cam FAI based on our methods (a single radiograph in time). Our data undermine the argument for screening young athletes or subsequent prophylactic treatment. Finally, they demonstrate the need for prospective longitudinal studies following individuals with currently asymptomatic radiographic morphologies consistent with FAI and DDH. Furthermore, future studies should focus on factors such as genotype or variability in molecular biology of cartilage and bone over time, which may play more prominent roles in the survival or degeneration of the hip compared with radiographic pathomorphology [3, 11] .
